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Description 

PKNH] The present Invention is directed to the production of gears and nie iiice and in paificular is directed to producing 
gear trath llanic surfkoes tiased upon a theoretical basic gear machfn having machine settings active during gear 
s production. 

[0002] In the production of gears, especiaiiy tievel and hypoid gears, twotypes of processes are oommonty employed, 
generating processes and non-generating proc es se s . 

[0003] Generating processes can be divided into two categories, face milDng (intennittent indexing) and lace tiobbing 
(continuous Indexing), in geheratrng face mDling processes, a rotating fool is fed Into ttie workpiece to a predetermined 

10 depth. Once this depth reached, the tool and worlcpiece are then roiled together in a predetermined reialive rolling 
motion, icnown as the generating roll, as though the workpiece were rotating in mesh with the theoretical generating 
gear, the teeth of the theoretical generating gear being represented t>y the stock removing surfaces of the tool. The 
profile shape of the tooth is formed by reiafive motton of the tool and workpiece during tlie generating roli. 
[P0M| In generating face hobbing processes, ttie tool and work gear rotate In a timed relationship and the tool is fed 

IS to d^>th tiieretyy forming all tooth slots in a single plunge of the tod. After full depth is reached, the generating roil Is 
commenced. 

pmos] Non-generaSng proceeseSp either intennittent indexing or continuous ind«ing, are those in wtuch the profile 
shape of a tooth on a worlqiiece is produced directly from ttie prollie shape on the tool. The tool Is fed into ttie workpiece 
and trie profile sliape on the tool is imparted to the worlcpiece. While no generating roli is employed, ttie cono^ of a 
20 fheoreHcai generating gear on the form of a "crown gear" is applicat>le in non-generating processes. The crown gear 
is that theoraticai gear whose tooth surfaces are corrplementBry with the tooth ajrfaces of the workpiece In non- 
generating processes. Therefore, the cutdr^ blades on the tool represent the teeth of the crown gear when forming 
the tooth surfaces on ttie non-generated workpiece. 

[0006] The relationship between the workpiece and generating gear can t>e d^ned by a group of parameters known 
25 as bwio machine settings. These baste settings communicate a sense of size and proportion regarding the generating 
gear and the work piece and provide a common starting point for gear de^n tluis uniiying d^gn procedures among 
many models of machine. The basto s^ngs totally describe the relative positioning b^ween the tool and workpiece 
at any instant 

[0007] Basic machine settings for forming gears are Icnown In the art and one such disc l o su re of them can t>e found 
30 In Goldrich, "CNC Genmtion of Spiral Bevel and Hypoid Gears: Theory and Practice" The (Reason Works, Rochester, 
MY, 1990. In this publication, representing the closest prfor art cunrentiy known to the applicants, basic machine settings 
are Identified as follows: (1) the radial, S, which is ttie distance between ttie cradle asds and ttie tool axis; (2) th tilt 
angle, PI, which d^es the angle betvveen the cradle axis and tool axis; (3) the swivel angle, P|, which defines the 
orientation of ttie tool axis relative to a fixed reforence on the cracfle; (4) ttie cradle angle, q, which defines ttie angular 
3S posifion of tlie tool atiout ttie cradle axis; (5) the rcx>t angle, £, which sets forth the orientation of the work support 
relative to the cradle axis; (6) the Elding t>ase, Xb, which is ttie distance from the machine center to the apparent 
Intersectton of ttie work and cracfle axis; (7) the head setting, Xp, which is a distance along ttie work axis from the 
apparent intersection of ttie work and cradle axis to a point located a fixed distance from the workpiece; (8) work offiset, 
Em, which defines the distance between the work axis the cradle axis; (9) rotational position of the workpiece, V^; 
40 and, (1 0) rotational position of ttie tool, Wt, which is used in the case efface hotd>ing. In addition, in generatmg procr 
esses. It is necessary to know the ratio-of-roii, Ra, wtuch is the rafto of ttie rotation of the work piece to ttie rotation of 
the cradle. 

[OOOq in conventional gear forming machines, the cradle angle, work rotation, and tool rotation change during gen- 
eratton while the other settings generally remain fbced. Two notable exceptions to this are helical motion which involves 

46 rnolton of the sliding base, Xb, and vertical motion which is motion in ttie work offset direction, Em. 

[0009] Conventional mechanical machines for producing t)evel and hypoid gears comprise a work support media- 
nism and a cradle mechanism which, during generating processes, carries a drcular tool along a circular path atxsut 
an axis known as the cradle axis. The cradle represents the body of the theoretical generating gear and the cradle axis 
corresponds to the axis of the ttieoretical generating gear. The tool represents one or more teeth on ttie generating gear. 

50 [0010] Ttie conventional mechanical machine meets the concept of ttie theoretteai b^c machvie since nearly all 
machine settings correspond to theoretical t>asic settings. Such a machine Is shown and described in the pnevtously 
mentioned Goldrich publication. In the mechanical machine, the basic setting for the radial, S, is controlled by an 
angular machine setting known as ttie eccentric angle which Is commonly denoted by 

[0011] in the recent past, gear producihS machines tiave been developed which reduce the numt>er of machine 
S5 settings nec^sary to orient a tool relative to a work piece. Th^e machines transform the settings and movements of 
the conventional mechanical machine to e system of linear, rotatiormi, and phroting axes whkdh results in a more uni- 
versal yet simpiifi d machine. 

[0012] One ^cample of a multKaxis machine is shown in U.S. Patent No. 5,257,^2 to Stadtfeld et ^. in this machine, 
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the eccentric angle, swivel angle, tOt angle, and hypoid offset citings have been eliminated but a cmdie, carrying an 
eccentric ^de, is still present on the machine. 

[001 3] Another multi-axis cr free-form machine is shown in U.S. Patent No. 4,981 ,402 to Krenzer et al . This machine 
comprises six axes of movement three linear and three rotational, to orient a tool and workplece with respect to one 
s another. TTie cradle, eccentric, hypoid offset, and the angular settings to orient the tool have Kieen eGminat^. The six 
axes are controlled by a computer in response to setup and operating parameters of the conventlormi mechanical gear 
generating machine. The machine settings from the mechanical machine are transformed into the kinematic relation- 
ships b^ween the six axes of the multHaxis machine. 

pi014] However, while rrajlti-axis machines represent a simpiifllcation of tlie conventional mechanical machirm, ail 
10 design calculation and gear theoretical considerations are still based on the theoreticai t>asic machine model having 
a plurality of fixed machine settings. This practice has had the practical effect of limiting the availatMe gear maldng 
processes of modem multi-fixis gear maldng machines to replications of rrKitions previously available only on older 
mechanical machines. 

poi q Methods have been proposed to modify gear Ibrrrdng and generating motions In order to more precisely control 
ts the tooth surface geometry of gears being produced. One »ich method is disclosed in U.S. Patent No. 5,^8,243 to 
Kroizer wh^ein additional motions are introduced which further control grinding processes with a flared^p grinding 
wheel. Another method is disclosed in U.S. Patent No. 5,116,173 to Qoldrtch in which variations In the location of the 
generating gear axis as well as variallans in the orientaUon of the tooth surfaces of the generating gear are included 
In the geneiHting prDcesa, 

20 [OOiq In either of the above metliods however, the disclosed modificalions would be implemented tmsed on a ptu- 
rallty of fbced settings, of the type available on a conventional mechanical machine, to define the l>asic fiank design. 
The fixed settings would t>e superimposed by movements defined directly In terms of the axes of the multi-axis machine 
without taking Into account the Bxes of the theoreticai basic machine. This combination of machine models yields an 
approximate tooth surface since superimposition off basic theoretical machine mofions with actual motions from other 

29 machines provides a two-model surfiace whtoh cannot be accurately represented either by tooth contact analysis or 
tooth flank surface data. 

[0017] in any case, to date, gear calculations have been limited due to the fixed settings of the theoretical machine 
used to maice those calculations, and It has never k>een realized to make gear theoretteal considerations teased upon 
ail settings of the theoretk:al gear machine being free or active. Thus, although the midtl-axis machine is capable of 

30 orienting the tool and work piece in almost any position relative to one another, tto dlscoveiy of additlorwl motions or 
flteedoms has been constrained by the fixed settings of the theoreticai t^asic machine. 

Summary of the invention 

35 [0016] The Invent've method as defined in datms 1, 19 and 37 respectively comprises providing a gear producing 
machine havmg aworkgear rotatal^le about a work axis and a tool notatable alxsut a tool axis with the tool and work 
gear being movable with respect to one another along and/or atx)ut a plurality of axes. The invention also provides a 
theoreticai basic machine comprising a plurality of machine settings for relatively positioning and moving said tool and 
work gear with respect to one another. Each of the machine settings Is defined as an active setting with each active 

40 se^ng being represented tiy a function. 

[0019] Adeslred tooth flanksurlace modlficatton is determined by defining a set of coefficients for each active setting 
and the function for each active setting is then detemiined t»sed upon the respective coefficients for each active 
setting. The Itinctions may t>e generally expressed as: 

45 

/(e) = So + ^ • AG + ^ •AB^ + g *AG^ + J ^AO* 

Where: 

50 

f(e) = function defined In torms of lead motion. 
8 = lead motion, 

^0* ai* ^2* coefficients to control the relationship between the particular axis and the lead motion. 

[0020] The functions are transform d from the theoretical basic machine to the axes arrang mentofa gear producing 
machine. By this transfbrrration, active settirtgs movements defined on the th oretlcal machine can b carried out on 
one or more of the axes of the gear producing machine to remove stock material from thie woric gear with th tool Iri 
accordance with the activ setting functions of the basic irachine. The present inventive method applies to generating 
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and norvgenerafing processes. 

{0021] The active setting equations of the theoretical machine may be represented by single functions applied along 
the entire length erf the tooth surfece to describe the entire length of the tooth surface. However, the pres nt Invention 
contemplates two or more lengthwise sections on the tooth surface and applying separate functions t each sedion. 
s [00221 The present Invention encompasses additionai freedoms in gear development tiy providing for theoretical 
basic machine motions by considering all basic machine axes, which previously had been static settings, to be active 
and to be used to describe relative motions t)etween to tod and woric gear. 

[0023] I n addition, with the present Invenfion, the practice of heretofore combining actual andA>r mathematical mod- 
els, to describe tooth surface modifications. Is overcome. One model describ'mg all tooth surface changes now exists 
10 thi» allowing accurate tooth contact analysis and flank surfiBoe data to provide a dear representation of a desired tooth 
surface prior to the actual manufecturing process. 

Briaf Description of the Drawings 

IS [0024 

Rgure 1 1s a sch^natic representation of a theoretical basic gear machine which Is also representative of a con- 
ventional mechanical machine. 

20 Rgure 2 Is a schematic representation of a fre&>fbmi sbc-axes gear manufacturing mactune. 

Figure 3 shows a mathematical model of the theorrtlcai basic macWne finom a front view peipendlcuiar to the 
machine cradle. 

25 Figure 4 shows a mathematical model of the theoretical basic machine viewed along coordinates YgrZg of Figure 3. 

Rgure 5 shows a mathematical model of a top view of the theoretical basic machine. 

Rgure 6 IDustrates a three-dimensional view of a generating system. 

Rgure 7 illustrates a tooth flank surface with calcidation points located iheraon. 

Rgure 8 IDustrates a tooth suriace comprising a plurality of indivic&ially modified lengthwise sections. 
35 Rgure 9 shows a tooth surface modification accorcfing to the present Invention. 

Dstafled Description of the Prafarrad Embodiments 

[0025] The present Invention will now be (fiscussed with reference to the accompanying Drawings. 
40 [0026] The present invention provides a method of modifying the tooth surfaces of a woric gear and is t>ased upon 
the discovery that by removing ttie fixed constraint of basic settings in the theoretical basic gear machine, tooth suifaces 
of the theoretlcai generating gear as well as the relationship between the woric gear and generating gearcan be modified 
by replacing the fixed settings with funcfions that permit the s^ngs to vary thus influencvig the surface geom^ of 
the woric gear teeth. 

45 [0027] Rgure 1 Illustrates a theoretical basic gear machine comprising a machine base 2, a tcxjl head 4 lineariy 
mcyvable on ways 6 attached to machine b^ 2. The basic machine aiso includes a woric head 8 lineariy movable on 
wa^ 10 atteched to woric table 12 which Is movable in an arcuate path on way 14 about pivot axis 
[002q IMountad on tod head 4 is a cradte 16 which is ratatebie about cradle axis Wq and atteched to oadie 16 Is a 
series of adjustable drums 1 8, 20, and 22 wTttch conlrol the eccentric, swivel, and tilt angles respectiveiy. These drums 

50 are set to position the tool 24, rtrtatatrie about tool axis Wj, In an appropriate manner with respect to the woric gear 26. 
[0029] Woric head 8 includes slide 28 which in tum canies wroric gear 26 rotatabte about woric axis Wq. Slide 28 is 
positioned and set to the desired hypoid offset distance. 

[0030] The axes of the theorefical machine aB have a gear theor^ical meaning. The theoretical gear machine pref- 
erably comprises eight axes although more or less could tie present and are wlttiin the scope of the present Invention. 
S5 Movement of tool head 4 n ways 6 defines the sliding base setting , Xb, to control the depth of cut Posifloning of slide 
28 controls the verticai mention or hypoid offset. Em. Mcsvem nt of woric head 8 along ways 10 controls head setting or 
pitch cone setting. Xp. Motion of the woric table 12 about axis Wp sets the root angle, 3L Flotationai adjustment of dnim 
18 (eccentric angle) adjusts the spiral angi of the woric gear. Rotattonal ac^ustment of dmms 20 and 22 sets the 
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position of the cutter axis, swivel (ar^le PQ and tilt (angle Pi) respedivefy, to adjust the flank profile and Influence 
tengthwise crowing and me^ crowning. Rotation of the cradle 16 provides rotalion of the generating gear (angle H 
about Bxis Wq. Axes and Wq provide for rotation of the tool and work gear respectively. If a gear is to be produced 
t>y a generating method, then a ratio-of-roll, Ra, which is the ratio of work gear rotation to cradle rotationp also needed. 
s [0031] Rgure 2 schematically represents a fiee4brm gear manufacturing machine of the type disclosed tiy the pre- 
viousiy mentioned U.S. Patent No. 4,981 ,402. This machine comprises a machine base 30. tool head 32, and woric 
head 34. Tod dide 36 is mounted for linear movement (Ay) to tool head 32 via ways 38 and tool head 32 is mounted 
for Iffiear movement (A^) to machine tiase 30 via ways 40. Tool 42 Is mounrted to tool slide 35 and is rotatat^le atxMjt 
tool axis W^. 

10 [0032] Work head 34 is mounted for arcuate (pivoting) movement (Ap) to work table 44 via way 46 and worIc t^le 
44 Is mounted lor linear movement (A^ to machine t>ase 30 via ways 48. Wbric gear 50 is mounted to work head 34 
and is rotalBt>ie about work gear axis Wq. 

[0033] Rgures 3, 4, and 5 show three dlfterent views of a mathematical model of the theoretical basic machine. 
Figure 3 shows the Iront view perpencficuiar to the cradle 16 of Figure 1. Axis Z3 points perpendiculaily into Rgure 3. 
IS The setting Em rspresents the hypold oflset, s^ng S is the eccentricity, RCP is the cutter radius, PJ is the cutter tiit 
orientation and^^ Is the mean cradle roll posifion. 

[0034] Rgure 4 ^ows a view perpmdkajlar to the ooofdinate system Y5-Z5 of Figure 3. The angle R between axes 
Y5 artd Ye represents Ihe cutter head tit angle. 

[0035] Rgure 5 shows a top view of the basic theoretk»l machine. The setting Xb is the length adjustment between 
20 the woric gear and the cutter head column, setting Xp ai^usts the cone distance, X is the work cone (machine root 
angle} acflustment, and Xc Is the cutter head axial adjustment. 

[OOSq RgiAe 6 shows a three dimensional view of a generating system, it Is the conversion of the basic machine 
system In a vectorial form wtuch allows a vectorial solution to the Gearing Law (defined below). The generating gear 
is connected on axis and rotates with y^. The pitch apex of the genemting gear is k)cated -TZ^ from the coordinate 

^ origin. The work gear Is connected to axis and rotates with -72- The pitch apex of the work gear is located TZ2 ^^i^ 
the coordinate origin. TTie hypold offiset Is TX The vector T keeps the woric gear positioned relative to the generating 
gear. Each component of T can change accoiding to a fourth order function. Ttiis is relative to the t^aslc machine (Rgure 
1) movements of helical motion, Xb, head setOngp Xp, and hypold offset, Em. TTie cone acQustment, £, can change its 
value according to a fourth order functton which Is a rotatbn in directkm Q^. RP is the vector to a principle point of the 

30 flank surfeoe of the generating gear 

[0037] The solution of ttie (searing i.aw finds the generating point. TTie Gearing Law is raqmssed as: 

|N3XR3|=|N2XR2|-Ra 

pKI3q i=br a defined situation such as an ^eternal gear paor, a maximum of two solulion vectors can be found and 
only one Is physically meaninglui. This means kir the solution of the Gearing I^aw, a radius vector, i^, rotat&ig around 
axis wHh a normal vector IM3 can only in one angular position ify define a radius vector R2 which can rotate around 
axis Z2 such that R2 has a colinear normal vector N2 and fuifiite, for an Infinite small rotation the requirement of the 
<o ratio Ra to 1^ if R2 and R3 stay in contact for this small rotation. 

[OOaq Therefore, the vector RP is rotated around Z3 about 7^. This maices RP to the solution vector R3. iRg is the 
solution vector in the work gear system (X2, Y2, Z^. is the angle to rotate the work gear generation point to bring it 
in the outgoing position (7^ X where is the ratio of roll, which can be a fourth order function, related to the cradle 
roll 7). 

46 [0040] Gear design calculations based on ttie theoretical gear machine are converted into practice by transforming 
the design results to a real cutting or grinding machine. In the case of using a mechanical oradle style machine, it is 
relatively simple since the cradle style machines meets the same concept as the Ihecraticai basic machine, 
[imi] In the case of ttie free-form machine of Figure 2, transfomriation of ttie basic machine data Is more complex. 
All of the settings of the basic machine have to be converted into Idnematic relatior^ips between the axes of the free- 
st form machine. Also, the kinematic relationships in the t>asic machine lilce the constant roiling motion or a helical motion 
fm the dinsdion of ways 6 in Rgure 1 ) have to be converted. The roiling motkin of the woric will not ba constant anymore 
and the helical motion is normally not oriented in the length direction of the rnachine and its direction Is changed during 
the generating rell. Transfomiatlon from a basic or mechanical machine to a free-lbmn machine is known and a furttier 
cfiscusston of the transformation from mechanical machine settings to the axes arrangement of the free-lbrm machine 
S5 can be found In previously mentioned U.S. Patent No. 4,981 ,402. 

[0042] Any tooth surface modifications developed, «ich as those modifications previously describe In U.S. 
5,086,243 or 5,116,1 73, must be capable of being defined on the theoretical basic machine in order for the modifications 
to be exactly Implemented, ither on a mechanical machine or wtien transformed to a f^ee-fbrm machine. Tooth surl^^^e 
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modificafic^ns not compMely definable due to fixed setting constraints of the tiieoretical machine nujst be, at best, 
«pprax!mated and superimposed onto the motions for generating the basic tooth form. Therefore, the desired mocSfied 
tooth surface will not be precisely formed. 

[0043] Due to the different axes configuralion of Ihe free-form machine and theoretical basic machine, tooth surface 
s modifications defined by axes movement on the free-fDrm madiine must either be superimposed on a gear manuliac^ 
turing process transformed from basic machine settings, or, must be defined In terms off the theoretical basic machine 
which, with the constraints of fixed settings, may also lead to a modified tooth surface approximation t>eing the t>est 
attainable surface. 

[0044] Whether tooth surface modifications are superimposed or approxiirated, no reliable tooth contact analysis 
10 and no flanic surisace data is obtainable since the tooth surfiace mocfification data does not refer to one physical machine 
or matliematlcal model. A mixture of two models, theoretical superimposed with free-form motions or tfieoretical com- 
bined witli constrained approximations, is not a precise and stable definition of aflanic surface and a generating process, 
in the case of superimposing an analytical correction to a model or mbdng two models, tfie Gearing Law is only applied 
for the t>aslc tooth form and not for the correction and not for the superimposed result (b^lc flank plus correction), in 
IS situations prior to the manufacture of a gear or pinion, it has not t>een possible to icnow if undercut, interference, or 
secofKtoy cuts would appear and destroy the flank surface and hence, the part Staying in one model allows the 
Gearing Law to be applied which is the most economical procedure of gear calculation since flank surface caloJatton, 
contact analysis, and undercut or interfeience diecks are possible. 

[004S] It h^ now t>een discovered that tyy removing the constraints of the fixed ^ttings on the theoretteal t>asic 
20 machine, tooth surface rnodiftealions may t>e ^cacUy defined in terms of one or more settings of the bask: machine, i n 
otiisr words, the present inventon presents all settings of the theoretical machine as active or aiiveL 
[0044Q The present invention allows the generating gear to change its flank form and the work gear to change Ss 
portion and angle whDe rolOng. In the tfieor^icai basic machine of the prior art, the generating gear tooth flank as well 
as the work gear position and angle were fbced. These limitations were likewise present on actual medianlcal machines, 
25 since these machines correspond to tfie theoretical basic model, and on free^orm machines dnoe theoretical Isasic 
settings are transformed to ttie ^es arrangement of the free-fbmi machines. 

pi047] Since the axes of the 1heoretk:al tiaslc machine all tiave a gear theoretical meaning, each axes is now rep- 
resented by a fUncfkMi. The step f^om a geometric machine to a kinematic basic machine requires a connectton of all 
the machine axes to a lead motion, fcv- example, the cradle rotation angle or work gear rotatton angle, with a kinematic 
30 relationship. Tte polynomial should be at least a second order equation and preferably at least a fourth order equation. 
The foltowing general formula equation shows a prefened function: 



3S 



/(B)= ao + ^ * AG + § 'AO^ + J *Ae^ + J -AO^ 



where: 



f(B) = function defined In terms of lead motton, 
40 8 = lead motton, 

ag, a^, ag, 8(4 = coefficients to control the.relatlonship between Ihe particular axis and the lead motion. 

[004q While a polynomial functton is preferred, the present invention may also be described by other luncttons, such 
as exponential, logarithmk:, or trigonometric. 
45 [0049] To arrivG at an entire kinematic worlcing basic rrachlne, it is also necessary to define the ratto-of-roll t>etween 
the generating gear and the work gear as a poiynomlal function of a leading motion. The polynomial should ba at least 
a second order equation and preferably at least a fourth order equation. 

^ Ra = Ra^ • (1-^ -AB - -g^ «Ae^ - *Ae^ - ^ *A8*) 

wtierein: 

ss Ra = the ratio-of-roil, 

Rsq, Ra^ = coefficients to control the relationship between the tool and work gear, 
A6 = lead motion. 
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PI050] In generating processes, using the angle of cradle rotation es the lead function, the following nine tesic 
settings may be activated or "modified" during generation: modified roll (Ra), helical motion pCb), vertical motion (Em), 
modified eccentridty (S), modified cone distance pCp), mocfified tHt (Pi), modified swivel (Pj), modified cutter head axial 
adjustment (Xc), and, modified root angle (29. 

post] Basic machine generating motions may be divided into two groups, those Influencing the relationship between 
the woric gear and generating gear while roiling, and those influencing the shape of the generating gear tooth flanic 
The following relationship describes ihosQ motions (helical motion Xb, vertical motion Em, modified cone distance Xp, 
and modified root angle 2) which influence the worIc gear and generating gear during rolling: 



wherein: 

2D AS = the particular active setting, 

VAS = first derivative of the active setting, 

ASq, AS^ = coefficients to control the relationship tietween the tool end work gear, 
A9 = lead motion. 

^ piOSZ) The first derivative, VAS, of the active setting equation accounts for the velocity of the position chartge de- 
8crft>ed by equation AS. 

[0053] In generating processes, raiio-of-roil also modifies the configuration between the generating gear and the 
woric gear. The equation representing the ratio-of-roD, Ra, relationship is shown atx}ve. 

[0054] As for those generating motions which inilu^ce the flank surface of the generating gear (modified eccentricity 
^ S, modified tilt R, modified cutter head axial adjustment Xc, and, modified swivel Pj), the Ibllowing equation describes 
their relationship: 



AS = ASq + AS^ ♦AO + ^ ♦AO^ + *Ae' + ♦AO* 



VAS = (ASi + AS2 *A0 + *A8 + ♦Ae ) * Qj 



wtierein: 



AS = the particular active setting, 
VAS = first derivative of the active setting, 
45 aSq, AS^ = coefficients to control the relationship between Uie tool and work gear, 

AG = lead motion, and, 
= velocity of lead motion. 

[0055] As with the relationship of the generating gear and vrark gear discussed above, the equation representing 
so the modification of the generating geartoolh flank surface is accompanied by its first derivative equation, VAS, which 
is multiplied tay the velocity of the lead rotation. 

[0056] i n rtoh-generated gears, tooth flank surfaces may be produced according to known form-cutting methods such 
as fiared-cup cutting and grinding. The tooth fiank surfece is 'generated' t>y moving the tool through the tooth stot 
along a circular path. This is a feed motion. According to the present invention, the theoretical basic machine having 
55 active or "living" axes can provide for any kind of tooth flank modification with ttie lead motion t>eing, for example, the 
tool feed motion. The relationship for non-generating processes can be expressed as: 
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ASy 2 3 .-4 

AS-^ASo + AS^ * AS + • Ae^ + •AO^ + • AO^ 



wherein: 



AS = the particular active setting, 
VAS - first derivative of active setting, 

ASo. ASi.... = coefRdents to control the relationship tjetween the tool and work gear, 
A8 = lead motion, 
IS % = velocity of lead motion. 

[0057] Of course In non-generating pnocesses there is no generating roll and, therefbre, no ratio-af-roU. IHowever, 
woric gear rotation, W^. must t^e talcen Into consideration and the above equation should also be applied to the woric 
gear rotation in reteitlonsWp to the lead motion- Other than the work gear rotation, the remaining active srflings comprise 

20 helical motion (Xb), modified hypold offset (Em), modified eccentricity (S), modified cone distance pcp), modified tirt 
(Pi)p modifled swivel (F^), modified cutter head axial adjustment p(c), and, modified root angle (E). 
[OOSq It should also be understood that since no geneveting roil is present In non-generating processes, there Is no 
conesponding r^attonship between a generating gear and a woric gear. Hence, theoreticai basto machine axes moltons 
need only set forth the rolationship between the tool and work gear in temns of those axes motions which effect the 

2S flank sL^ce of the "generating gear." i^. crown gear. Nearly all generating gear flank surface modificattons can be 
described with less than the nine active axes named atx>ve and preferably only four axes are required. 
[0059] Two groups of four axes may be d^ed to completely describe flank surfoce modifications of the generafing 
gear in non-generating processes. The first group comprises heltoal motton pcb), modiftod hypold offeel or vertical 
motton (Em), modified cone distance pCp), and mocfified root angle PO- The second and prefened group comprises 

30 heltoal motion pCb), modified eccentricity (S), modified cone dist^mce (Xp), and modified root angle (£). 

[0000] Regardless of the manner in wtuch tlie tooth flank surface is formed, i.e. generated or non-generated, the 
present inventive method is proforabiy carried out by defining the desired tooth surface geometry by a series of cal- 
culation points. With an equalton to the fourth order, for example, five unknowns (bq, ai, 8^ B3, and 84) are present In 
the active setting equations. Therefore, five caiculatton points are required to provkie the same number of unknowns. 

35 Of course it can be seen that regardless of the order of the equatton, the number of tooth surface cakailafion points 
will ^ual the number of unknowns in the equation. 

[0001] The classic gear calculation requires, starting wwth the basic parameters, a calculation of the machine s^p 
based on one point, nonnaiiy the tooth flank center point (P3 in Figure 7, for example). Since the present Invention 
uses a kinematic function to d^ne machine s^ngs, it Is possible to have a flank surface which Is not defined from 
40 one calculation point In the case of a fourth order function, five calculation points altow the five parameters off the 
function to be defined. 

[0062] Rgure 7 shows a tooth flank surface 60 having contact or generation lines 62 and a path of contect 64. If the 
active s^ng equation AS is to the fourth order, thus having five unimowns, five caiculatton points P 1 -P5 are needed. 
Since the tooth surface Is a generated surface, the active settings are modified roll (Ra), helical motion CXb), vertical 
45 motton (Em), modified eccentricity (S), modified cone cfislance (Xp), modffied tilt (Pi), modified swivel (P|). mo(fified 
cutter head axial adjustment pCc), and, modified root angle (£). 

[0063] Depending on the desired tooth surface at each point, calculation points P1-P5 are assigned a respective 
value for each of the eight axes thus yielding five cak^iation point values for each of Ra, Xb, Em, S, Xp, Pi, P|, Xc, 
and i: atong the length of the tooth surfoce. In other wonis, each cateulation point may have as many as eight compo- 
so nents rfnoe there are eight active axes. It is to be understood that the axes may have a value of zero at one or more 
of the calculation points. 

[0064] Each active setting equation, AS, is then solved using the respective calculation points value for the particular 
axis to determine the coefficients aQ - a». This may be accomplished in any known manner with the well known Gauss 
algorithm being a prefened method. For example, the modified eccentric, S, would yield calculation points S(P1), S 
55 (P2). S(P3), S(P4), and, S(P5) along the tooth length for a given tooth surface geom^. With these values, ooefitoients 
Sq. Sv S2, S3, and, S4 wouW be calculated bb stated above. The equations for the modified eccentrto, S, would be 
expressed as follows: 
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PIOSS] In this example, AO would preferably be the lead angle of the cradle roll and Q|- wouid then be Vie oradle 
10 rotetianal velocity. 

[00G6] It should be urwierstood that the present Invention Is not limited to the determination of coefficients - 34 by 
use of Identtflcalion points as cfiscussed above. For ^cample, the coefficients imy be determined by defining ttie contact 
charaderistlcs of tt^ desired gear p^r, or, by defining ease-off in conjunction with a corrective matrix in combinetlon 
with a least squares method. 

IS (0087] Hie above example appQes the active setting equations of ttie theoredcai machine along trie entire length of 
the tooth surface as seen In Figure 7. However, with a single fUndion descrftiing an entire tooth surface, changes to 
tiie function in an efibrt to Influence the tooth ends, for example, may have undesirable effects on the center portion 
of the tooth. Thersfiors, ttie prasent invention opniemplates two or more lengthwise sections on the tooth surface as 
shown Figure 8 (which comprtees three sections) and applying separate functions to each section. 

20 piooq In this entbodiinent, ttie tooth surface of each section may be described by a separate s^ of acdve setting 
equations, lb retain oontinuity between the sections, the ending calculation point in one section may be uUilzed as the 
starting point in the next section. It is to be understood that the lengthwise dimension of the sections need not be equal. 
[0009] In Rgure 8, section 1 is the heel end of tooth flanlc surface 66. The heel is the entrance area of the tooth flanle 
TTie aim of a correction (modificalion} to ttie tieei end would t>e to reduce noise due to impact of first contact with a 

^ mating tooth. 

piOTO] Section 2 Is ttie center area of tooth flanlc surface 66. Tills area stiould transmit ttie motion with a smail motion 
error under load. 

[0071] Section 3 is the toe end of tooth flanic surges 66 and is the exit area wtiers the contact with the actual mate 
tooth ends. The aim erf a corrac^n in tills section would be to prevent edge contact and provide a high contact ratio 
30 with minimal motion enor. 

[0072] Fdr an optimal use of the flarik surface, the coefficients of the setUngfuridi^^ 

for each section. Ttie first live calculation points (1^ are chosen along the generating path. This delivers the first set 
of fourth order funcfions Ibr Section 1 . 

[0073] The coefficients of Section 2 can also l>e defined tiy five points (6-10) along the generating path. To match 
^ the last portion of the contact line of Section 1 with the first portion of the contact line of Section 2, points 5 and 6 can 
be identical. 

[0074] The same procedure described with respect to Sections 1 and 2 can be applied to points 11-1 5 of Section 3. 
To match the last portion of tiie contact line of Section 2 with tlie first portion of the contact line of Section 3, points 10 
and 11 can also be identical. 

40 [007^ It is to be understood ttiat, although preferred, the invention is not to t>e limited to having the last identification 
point in one section be identic^ to the first identification point in an adjacent section. The present invention also con- 
templates having functions in adjacent sections overlap tor a distance In either or tx>th sections in order to maintain 
continuity. Also, ttie present invention includes ftmctions in adjacent sections having no common point of intersection. 
[0076] To get a smooth flanic surface (steady surface after the second derivative), a first step may comprise all 15 

45 points describing an outgoing t>asic flanic, as described by center point 8. in this case, ail coefficients except the zero 
order do not exist, i.e. they are zero. AO zero order coefficients of the three sections wouid be the same. The second 
step can apply tooth surface modifications which activates some or aH of ttie coefficients in one or more of tlie sections. 
[0077] It can also be appreciated, on a mulH-sectlon tooth surface, that some sections may t>e modified while otlier 
sections may comprtee no surface modifications (zero surface modification) beyond the generated surface tormed by 

so the basic machine axes settings (zero order only). For example, in a three-section tooth surface, the first and third 
sections may be modified in some manner and ttie middle section may comprise no modifications at all. 
[0078] Figure 9 shows the displacement of a flanlc correction where 70 is the topiand, 72 tlie toe , and 74 the heel 
of a bevel gear toolh. Both corrections of the pinion and gear memt)er are mattiematicaiiy converted and presented in 
the gear tooth of Figure 9. A Idnematic exact or conjugate pairing would have no displacement The topographies of 

55 Figure 9 show th difference of modified or optimized flanlc surfaces 76, 76 to conjugate ones 80, 82. 

[0079] The most difficult case of a con-ectlon is an xotic higher order fiank modification of the pinion conv^ and 
gear concave pairing togettier with any other flanlc modification of the pinion concave and gear convex pairing if the 
pinion and gear are produced In a completing process wNch means the tod torms or generates both fianics (convex 



9 



EP 0 784 525 B1 

and concave) at ihe same Hme. 

[0080] To TBsHize the modulation of Figure 9 precisely on the surface of the pinion flank, the basic machine settings 
of helical motion Xb,eccentricHyS, swivel F^, tiit PI, piteh cone distance Xp, and machine root angle £ must twaofivated 
with a ftjnctlon, preferably of the fourth onder although the invention cont mplates a second order as a minimum. Since 

s all the axes of the basic machine have a gear ttieoretical meaning p the surfaces in Figure 9 can be brolcen down into 
a fourth order pressure angle modHlGation (Pj, and Pi in Rgure 1), a fourth order spiral angle modification (S in Rgune 
1), a fourth order cone distance modification pCp In Figure 1), a fourth order tooth thldmess mocBfication effected by a 
fourth order heilcal motion pcb in Figure 1)p a defined fourth order root ilne modification (S In Rgure 1}^ and a fourth 
order ratio-of-roD modification (Rb). Prelerablyp the toolh flanic of Rgure 9 is divided into three sections and the liinctions 

10 applied separately to each section as discussed In reference to Figure 8. 

[0081] None of the earn q, S, Pj. and PI of Rgure 1 are avaiiat>ie in the free-form machine of Rgure 2. The axes Xb. 
Xp, Em, and £ of Figure 1 have a difforent mear^g than the correspondingly positioned orthogonal axes (A^ Ay, 
and pivot axis {A^ of the fFe&4brm machine of Rgure 2. Prior to the present Invention, the dispfaoement functions of 
Figure 9 could just be approximated by malclrtg tiie conjugate calculation with the b^ic machine model and superim- 

t5 pose this with a modulation of the free-fomn machine (Figure 2) motions. With superimposing, there exists no tooth 
contact analysis and no flanic surlace data which r^ier to one physical machine or one mathematicai model . A mixture 
of two models or a model superimposed with analytical llinctlons Is not a precise and stable definition of a flank surface 
and a generating process. 

[0082] A superimposmon of two models or a model and an analytical function gives no information whether the 
20 resulting tooth surface can be machined. This means interforences, undercuts, or secondary cuts may destroy portions 
of the flank surface sinoe the Gearing Lew can be applied to only one model. Furihermore, it Is more efficient to pn^duoe 
an optimal tooth surfoce design, including correctionSy In one model. 

[0083] me modification shown in Rgure 9 Is ttie result of a consideratibn to reduce roiflng noise, lower the sensitivity 
and improve the load capacity, vyrth the methods of the prior art it has not been possit>ie to produce two corresponding 

29 functions in a completing process to form the modulations In Figure 9. 

[0084] The present Invention makes it Is possible to produce tooth flank length curvature other than circular in single 
Ontennittent) ind^ng processes and other than cyctoldai in continuous indexing (foce bobbing) processes. For esam- 
pie, It is possible to grind a Ibrm-cut gear with a lead llinctton of a cydold in a single Indexing process. It is also possible 
to grind gears whk:h were produced t^y face hobbing since an appropriate lead function can direct the grinding wtieel 

30 to fbllowthe cydddai tooth length fomt of the cut gear. 



Claims 

36 1. A method of producing flank surface modifications in gear teeth by controlled removal of stock material fltm a 
work gear (50) with a tool (42), said method comprising: 

provkSng a gear producing machine, said machine liaving a work gear rcrtatable about a work axis and a tool 
rototable about a tool axis, said tool and said work gear being movable with respect to one another along and/ 
or atx»jt a plurality of axes, (A^^,A^p 

provicfing a theoretical basic machine comprising a cradle and including a plurality of machine axes for relatively 
posHioning and moving said tod and work gear with respect to one another, each of said axes representing 
a basic machine setting having a gear theoretteal meaning, 

defining each of »id plurality of machine settings as an active setting with each said active settang being 
represented tyy a tunctton, 

defining a desired tooth flank surface modification by determining a set of coeffk^ents tor each of sakl active 
settings indicative of said modificatton, 

determining said function for each active setting tiased upon said coefficients for saU each active setting, 
transforming each active setting function from said theoretical machine to the axes arrangement of saki gear 
producing machine whereby active settings movement defined on saki theorettoai machine is carried out on 
one or more of the axes of said gear producing machine, 

removing stock material from said woric gear wilh said tool in accordance with said active setting functions. 

2. The method of claim 1 wherein said d^ermlning coefficients comprises selecting a plurality of Mentificalion points 
55 on said flank surface, the position of ach of said points being descrit»ed by a position value for esKih of saki 

machine settings, and, 

determining said coefficients based on said position values. 
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3. The methcxl of daim 1 wherein said identificafa'on points are located along a path of oontad on said tooth flanic 
surface. 

4. The melhod of claim 1 wherein each said active lunction is a furictlon to at least the second csnter. 
SL The mefhod of claim 4 wherein each said active function Is a function to at least the fourth order . 
6. The melhod of claim 1 wherein said controlled removaJ of stock material is a generating process. 

to 7. The melhod of claim 6 comprising at least nine active settings on said theoreticai basic machine. 

8. The method of claim 7 wherein ^d active settings comprise mo<fified roil (Ra), helical motion (Xb). vertical motion 
(Em), modified eccentricity (S), mocfified cone distance pCp), modified tilt (PI), modified swlv^ (Pj), modified cutter 
head axial aqustment (Xc), and, modHied root angle (S). 



fS 



20 



25 



9. The method of claim 8 wherein said active sertting function for said modified eccentricity (S), said modified tilt (Pi), 
said modified cutter head axial adjustment (Xc), and said modified swivel (PQ Is defmed by: 



wherein: 



AS = the particular active setting, 
30 VAS = tiie first derivative of the active setting, 

ASq, AS-i,... = coefficients to controi the relationship betwow the tool and work 
AO = lead motion, and, 
Dt = velocity of lead motion. 

3S 10. The method of claim 8 wiierein said active setting function for said helical motion (Xb), said vertical motion (Em), 
said modified cone distance (Xp), and, said modified root angle (Q is defined by: 



40 



4S 



ASg 9 AS« 9 AS* 4 

AS^AS^^AS^ *Ae + ^ *tsr + ♦Ae' ♦ *ag 



VAS = AS^ + AS2 »Ae + ^ •AO^ ♦ ^ -Ao' 



wherein: 



AS = the particular active setting, 
VAS = first derivative of active setting, 
50 ASq, AS^,... = coefficients to control the relationship t)etwe^ the tool and woric gear, 

AO = lead motion. 

11. The melhod of claim 8 wherein said acfhre setting function tor said ratio of roll (FUl) is defined by: 



55 



Rs = RBo .(I- .A6- -g? -Ae^- .A6^ ^ .Aei 
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wherein: 

Ra = the ratio of roll setting, 

Rao, Ra^,... = coeflicients to control th relationship k)etween the tool and work gear, 

9 A6 = lead motion. 

12. The method of claim 1 where'vi said controHed removal of elcKdc material Is a non-generating process. 

13. The method of claim 12 wherein said active setting 

10 function is defined by: 

15 

VAS = {AS^ *AS2 *Ae + ♦ab;' + -g^ *Ae^ * flr 

20 wherein: 

AS = the particular active setting, 
VAS = first derivative of active setting, 

ASq, ASi,... = coefficients to control the relationship t^etween the tod and work gear, 
2$ A6 lead motion, 

£2|. = velocity of lead motton. 

The method of claim 12 comprising at least four active theoreticai t»sic machine settings. 

The metliod of claim 14 wherein said active settings con^rise at least one of modified work spar rotation posilion 
(Wg), helical motion pCb), modified hypoid offset (Em), modiiied eccentricity (S), modified cone distance pCp), 
modified liit (Pi), modified swhrel (PD. modified cutter head axial adjustment (Xc), and, modified root angle (E). 

The method of daim 15 wherein said active settings comprise heBcal motion pCb), modified hypoid offset or vertical 
motion (Em), modified cone distance (Xp), and modified root angle (S). 

The method of claim IS wherein said active s^ngs comprise hefical motion (Xb), modified eccentricity (S). mod- 
ified cone distance (Xp), and modified root angle (£}. 

The m^hod of claim 1 wherein said work gear is a face hobbed gear having cydddaily extending tooth flank 
surfaces, said tool is a grinding wheel, and said functions descritje a grinding path along said cydoidaily extending 
tooth flank surfaces. 

A method of prx>dijcing flank surface modifications in gear teeth by controlled r^noval of stock material from a 
woric gear (50) with a tool (42), said method comprising: 

providing a gear producing machine, said machine having a work gear rotatabie about a work axis and a tool 
rxrtatable about a tool axis, said tool and said work gear being linearly movable with respect to one anoOier 
along three mutually orthogonal axes (Aj^^Ay^Ax) and angularly about a pivot axis (Ap), 
so provkiing a theore1k»l bastomachine comprising a cradte and including a piuraBty of machine axes for relatively 

positioning and moving said tool and work gear with respect to one mother, each of said axes represenfing 
a basic machine setting having a gear theoreticai meaning, 

defining each of said plurairty of machine settkigs as an active setting with each ^ad active setting being 
represented by a functkin, 

55 defining a desked tooth flank surface modification by determining a set of coeffidents for each of sakl active 

settings Indicative of said modification, 

determining said function for each active setting teased upon said coefficients tor said each active setting, 
transforming each acfive setting function ftom said theoretical machine to the axes anrar^ement f said gear 
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producing machine whereby active settings movement defined on said theoretical machine is cairfed out on 
one or more of the axes of said gear producing machine. 

removing stodc material from said work gear with tool on said gear producing machine in accordance 
with said active setfing functions. 

20. The method of dalm 19 wherein said deteimlnir^ co^licients comprises selecting a plurality of identification pointe 
on said flank surface, the po^flbn of each of said points being described by a position value lor each of said 
machine settings, and, 

delenninlng said coefficients based on s^ position vabjes. 

21. The method of daim 19 wherein said Identification points are located along a path of contact on said tooth flank 
surface. n 



22. Tlie method of claim 19 wherein each said active Ibnctton is a ftincflon to at least the second order. 

23. The method of claim 19 wherein each said acthfe fundion Is a function to at least the fourth orte^ 

24. The method of claim 19 wherein said controiied remcvai of stock material is a generatir^ process. 
20 25. The method of claim 24 comprising at least nine active theoretical basic machine settings. 

26. The method of daim 25 wher^ said active settings comprise at least one of modilied roD (Ra), helical motion 
(Xb), verlteal motion (Em), modified eccentricity (S), modified cone distance pCp), modified tnt (Pi), modified swivel 
(PI), modified cutter head asdal adjustment (Xc), and, modified root angle (Z). 

25 

27. Tlie method of dalm 26 wher^ said active setting functton for said modified ecoentrldly (S), said mocfified tilt 
(F>l), saM modified cutter head axial acQustmenit pcc), and saki modified swivel (Pj) Is defined by: 

ASy 2 AS-a 3 ASa 4 

30 as^as^ + as^ ♦Ae + ♦Ae^ + ^ ♦ao^ + *Ae^ 



vas=^{as^ *as2 ♦AO + ^ *Ae^ + ^ ♦Ae^ * Qt- 



wherein: 



AS = the partk:ular active settingp 
40 VAS = first derivative of active setting, 

ASq, AS^,~. = ooeffidents to control the relatkjnship b^ween the tool and work gear, 

AG = lead nnotion, and, 

Qj = velocity of lead motksn. 

45 28. The method of daim 26 wherein said adive s^ng function for saki helical motton (Xb), said verticai motion (Em), 
said modified cone distance (Xp), and, sakl modified root angle (Z^ is defined by: 



AS9 9 ASo « AS^ ^ 
AS^AS^ + AS^ *A8 + •AB^ + -AO' + -g^ *Ae* 



AS<9 9 ASm 3 

VAS = AS^ + AS2 *Ae + *Aer + -Ae^ 



wherein: 

AS = the particular active setting. 
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VAS = first derivative of active setting, 

ASq, AS^.^. = coefficients to control the relationship between the tool and work gear. 
Ad = lead motion. 

0 2B. The mettiod of claim 26 wh rein said active setting function fbr said ratio erf roil (Ra) is defined by: 

Rb^Rbo* (1-^ *Ae - 2^ * Ae^ - ^ *Ae3 - ^ ♦Ae*) 

to 



2B 



30 



55 



Ra the ratio of roll setting, 

Rbq, Ra-j.... = coefHcienfs to control the relationship ksetween the tool and work gear. 
15 AQ = lead motion. 

30. The method of claim 19 wherein said controlled removal of stodc material m a non-generating process. 

31. The method of claim 30 wherein said active setting function is d^ed by: 

AS = aSq + AS^ *Ae + -g^ * as"* + * Ae^ ♦ -gj^ • Ae^ 



AS« 9 ASm 
VAS = (AS^ + ASj »Ae + »A6* + -g^ *Ae'') * 



wherein: 



AS = the particular active setting, 
VAS = first derivative of active setting, 

ASq, ASi,... = coer!lclefTts to control the relatlonsWpb^ween the M 
AO = lead motion, 
3S £l|.=i velocity of lead motion. 

32. The mettiod of claim 30 comprising at least four active theoretical ba^ machine settings. 

33. The method of claim 32 wherein said active settings comprise modified work gear rotation position (Wg), heilcai 
40 moSon pCb), modified hypoid offe^ (Em), modified ecoentricify (S), modified cone distance pCp), modified lilt (PO. 

modified swivel (PD, modified cutter head axiai adjustment pCc). and modified root angle QE). 

34. The method of daim 33 wherein said active settings comprise heOcal motion pCb), modified hypoid offset or vertical 
motion (Em), modified cone distance pCp). and modified root angle 

45 

35. The irathod of claim 33 wherem said active settings comprise heUcal motion (Xb), modified eccentricity (S), mod- 
ified cone distance (Xp), and modified root angle (£). 

36. The method of dalm 19 wherein said woric gear is a face hobbed gear having cydoidaiiy extending tooth fianlc 
so surfaces, said tool a grinding wheel, and said functions describe a grinding path along said cydoidaiiy extending 

tooth flank surfaces. 

37. A melhod of produdng flanic surface modifications in gear teeth by controlled removal of stocic material from a 
woric gear (50) with a tool (42). said method comprising: 



providing a gear produdng machine, said machine having a work gear rotatabi about a wofk axis and a tool 
rotatabie about a tool axis, said tool and said work gear being movable with respect to one another along and/ 
or about a plurality of axes (A^, Ay, Aj, Ap, Wq, W-T-) 
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provicfing a fhmretical basic machine comprising a cradla and including a piurafity of machine axes Ibr relatively 
positioning and moving said tod and vvork gear with respect to one another, each of said axes representing 
a tiasic machine setting having a gear theoreiical meaning, 

defining each of ^d plurality of machine settings as an active setting with ach saM active setting being 

9 represented tyy a Hinction, 

provkfing a tooth flanic surface comprising a pluraii^ of iengttiwise extending surface sections, 

defining a desired tooth flank surface modification in each s^on tyy detemiining a set of coeffidenlB ibr each 

of said active sett^gs indicative of said modification In each sectionp 

determining said function for each active setting based upon said coefTicienIs for said each acthre setting In 

10 each section, 

Iranslbmiing each active setting function ft>r each section from said theoreticai machine to the axes arrange- 
ment of said gear produdng machine wherefcjy active settings movemmt defined on said theoretical machine 
is carTi«j out on one or more of the as^ of said gear produdr^ machine, 
removing stocicrnaterialfRm each said section of sM work gear with said tod 
IS setting functior^. 

38. The method of claim 37 wherein saU determining coeflicients in each section oompnses selecting a plurality of 
identifk»tksn points on said flank surface in said each section, the positton of each of said pdnts being described 
by a position value far each of said machine settings, and, 

20 detemiinfng mid coeflidents based on said poation values. 

39. The method of dalm 36 wherein said Ideritlficatton points are located along a path of contact on sakj tooth flank 
surfsra. 

^ 40. The method of claim 38 wherein each said active funcUon is a function to at ieast the second onjer. 

41 . The method of claim 40 wherein each said active liinctk)n Is a function to at ieast the fourth order. 

42. The method of claim 38 wherein each said section comprises the same number of klentification pdnts. 

30 

43. The method of claim 38 wherein rxst all secttons comprise the same numlier of identification pdnts. 

44. The method of dalm 38 wherein an ending pdnt in one section is coinckJent with a beginning pdnt in an acliaoent 
section. 

3S 

45. The method of daim 38 wtierein an ending pdnt in one section Is not cdnddent with a begjinning pdnt in an 
adjacent 3ectk>n. 

46. The method of ddm 38 wherein en ending poiik)n of a function in one section overlaps the beginning poriton of 
40 a function in an adjacent section. 



Patei I lanspru che 

45 1. Verfahren zur Erzeugung von i=lankenfiachen-Modlfikatk)nen an durch gesteuertes EntHemen von Materiai von 
einem zu bearbeitenden Zahnrad (50) mit dnem Wsrfczeug (42), wobei das Verfahren umfiasst 

das Berdtsteilen einer Zahnrad-HersteHungsmasditne, wobd die Maschine ein zu bearbdtendes Zahnrad, 
das urn eine Beaitseitungsachse dreht>ar ist, und dn Werkzeug auftivdst, das um dne Werkzeugachse drehbar 
^ Istp wobd d^ Werkzeug und das zu beart>dtende Zahnrad in Bezug aufeinander entlang und/oder um eine 

Vielzahl von Achsen (A^ Ay, A2) ^^etsb^sind, 

das Bereitstellen einer theoretischen Badsmaschine, emen SchDtten umfassend und eine Vieteahi von Mb- 
schlnenactisen aufWelsend, um das Werkzeug und d^ zu t>earbeitende Zahnrad in Bezug aufeinander zu 
ss posiHonieren und zu bewegen. wot}d Jede der Achsen dne Basis-IMaschinendnstellung mrt dner theoreti- 

schen Bedeutung fur das Zahnrad aulwdsL 

das Definieren einer Jed n der VIelzahl von Maschlnendnst ilung n ds aktlve EInstdlungp wobd Jed akth^ 
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Einstellung durch ine Funktion dergeslBlIt ist, 

das Definieren einer erwQnschten ZahnflankenflSchenmodifikstion durch Bestimnri n eines Seizes von Korf- 
fizienten fDr jed d r aktiven Einstellung np der die Modifikatlon angbt, 

ff 

das Bestimmen der Funktion fQr Jede aktive Einsfellung auf Basis der Koeffizlenten fOr Jede aktive Einstellung, 

das Transformieren Jeder akiiven BnstenungsfunkUon von der ttieorefischen Machine auf die Adisenanord- 
nung der Zahnrad-Hersteliungsmaschlne, wodurch Bewegung akdver Einsleiiungenp die auf der theorefi'sche 
10 Maschine definlert Isl, auf einer oder mehnaren der Achsen der Zahnrad-IHerstellungsniaschine durchgefuhrt 

wird, 

das Enttenen von Material vom zu bearbeltenden Zahnrad mit dem Werkzeug entsprechend den ddlven 
Einstellungsfunktionen. 

15 

Z V^rfehren nach Anspruch 1, worin das Bestimmen von Koefiizienten das AuswaMen einer Vielzahl von identifi- 
ziemngspunkten auf der Flankenfldche umfiasst, wolsei dte Position eines jeden der Punkte durch einen Positions- 
wert fur Jede der Maschlneneinstellungen beschrleben wird, und 
das Bestimmen der Koeffizienten auf Basis der Posltlonswerte. 

2D 

3l V^rfahren nach Anspruch 1 , worin die IdentHizierungspunkte entiang eines Kbntaktwegs auf derT^hnfllankenfigche 
angeordnsi sind. 

4. V^rfahren nach Anspruch 1. woHn jede soiche aktive Funkfion eine Funldion zumlndest zweiter Ordnung ist 

2S 

5. Verl^hren nasix Anspmch 4, worin Jede soiche aktive Furiklk)n eine Funktion zumlndest vlerter Ordnung isL 

6. Verfahren nach Anspruch 1p worin das gesteuerte Entfemen von Malerfai ein generlerendes >ferfahren ist. 

30 7. Verfahren nach Anspruch 6, das zumlndest neun aktive Elnstellungen auf der theorsllschen Baslsmaschine um- 



a verfahren nach Anspruch 7, worin die akiiven Einstellungen modiflziertBS Wilzen (Ra), splraliormige Bewegung 
(Xb). vertlkale Bewegung (Em), modifizierte Exzmtrizifit (S), modifiziertB Teiikegeilange P<p), modlfizierte Schrag- 
35 stellung (Pi), moditiziertes Schwenken (PJ), modifizierte Schneidkopf-Axialeinsleliung pCc) und modifizlertBr 

Fuakegelwinkel (29 sind. 

9. Verfahren nach Anspruch 8, worin die aktive Einstellungsfunktion fur die modifizierte Exzentrfzltat (S>, die mocfifi- 
zierte SchrSgsteilung (R), d» modifiziertB Schneklkopf-Axtaleinsteliung pCc) und das modifizierte Schwenken (Pj) 
40 folgendermal^ definlert ist: 

AS, 2 ASo 3 AS4, ^ A 



45 



S9 worin gilt 



ASa 2 ASa 3, _ 

VAS = (AS-, + AS2 •AS + *Ar + -g^ *Ae^) • flj 



AS = die spezielie aktive Einstellung, 

VfiS = die erste Ableitung der aktiven Einstellung, 

ASq, ASv = l^efilzienten zur Steuerung der Beziehung zwischen Wericzeug und zu beart>eiiendem Zahn- 
59 rad. 

AO = FQhrungsbewegungp und 

£2j = Geschwindlgkeit d r FQImingsbewegung. 



16 



EP 0 784 525 B1 



to 



10. VerfBhren rmch Anspruch 8, worin die akfive ElnsteDungsfiinktion fur die spirBHomifge Bewegung (Xb), die wiikale 
Bewegung (Em), dl i iiud i fizlnrte TeBkegeOange pCp) und den modifizierten Fuiycegelwinkel (2} ffblgendennafien 
definiert ist: 

AS = /ISo +AS^ *Ae + *A8^ + *A0^ + -g^ *Ae^ 

AS^ 2 AS^^ 3 

VAS = + AS2 •AG + "P •Ae^ + -Ae* 



worin got 

T0 AS = die spezielle alctive Einstetlung, 

VAS = die erate AbleHung der aldiven Bnstellungp 

ASq, AS^, ... = iCoeffizienten zur Steuerung der Beziehung zwischen Werfczeug und zu beartertendem Zahn- 
red. 

AB = FQhnvigsbewagung. 

20 

11. Verfehren nach Anspmch 8, worin cfie alctive Einst^iungsHinkUon fQr das watzveitiaitnis (Ra) Ibigendermaaen 
definiert Ist: 

V /fe = ♦ (1 . _1 4 Ae - -g^ ♦Ae^ - -gr " 125 ^ 

worin gilt 

90 Fia = Verhaitnis der Waizeinsteliung. 

Ra-i. ... = iCoeffiziOTtBn zur Steueaing der Beziahung zwischen dem Werfczeug i^d dem zu bc»rbeitenden 
Zahnrad, 

AO = FQhrungsbewegung. 

35 12. Vsriiahren nach Anspoich 1 , worin das gesieuerie Entfemw von Material ein nichtgenerierender V^vgang ist 
13. Verfaliren nach Anspmch 12, worin die aldlve Einstellungsfunktion fblgendeimafien definiert ist: 

AS^ 2 AS* 3 AS* A 
^ AS = (ASq + AS^ -Ae + -AG^ + *A8^ + *Ae^) • O7- 



46 



AS y\S 
VAS = (AS^ + ASj •A8 + ^•A©^) + -g^ -Ae^) • 



worin giit 



AS = die spezielle alctive EInstellung, 
so VAS = die erste Ableitung der alctiven Einstellungp 

ASq, AS^, ... = Kbeffizienten zur Steuerung der Beziehung zwischen Werfczeug und zu t>earK)eitendem Zahn- 
rad. 

AO = FGhnjngst)ewegung, und 

Qy = Geschwindiglcett der FQhrungsbewegung. 



85 



14. Veriahren nach Anspru<;h 12, cJas zumlncJest vier alctive fheoretisc;he Basis-Maschineneinsteiiungen umfiasst. 

15. Veriahren nach Anspruch 14, worin die alctiven Einsteilurtgen zumindest einea aus modiflzierter Rdationsposition 
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des zu bearbeitenden Zahnrads (Wg), spiraHormiger Bewegung pCb), modifizi rten Hypoid-Offiset (Em), modfi- 
zierter ExzentiizitBt (S). modifizierter Teilkegellange pCp), modifizierter Schrigsteflung (Pi), modifiziertem Schwen- 
ken (PJ), modifizieiiBrSchneidkopf^lal insfelung (Xc) und modifiziertem Fuf&kegalwinkel (2? umfassl 

s 16. Veriahren nach Anspruch 15, worin die aktiven EinsteBungen spiralfomiige Bewegung (Xb), modifizierten Hypoid- 
Olfaet Oder variilcale Bewagung (Em), modifizierte Teilkegellange (Xp) und modifizierfBn Fu&kegalwinkel (£} um- 
fassan. 

17. Verfahren nach An^pKuch 15» worin die aktiven Einstellungen splraHonnige Bewegung (Xb), modifizierte Exzen- 
10 trizitat (S), modifiziarte Teillcegallanga (Xp) und modlfiziartan Fu&kegalwinke] (E) umfassOT. 

ia Veriahren nach Anspnjch 1, worin das zu bearbeifende Zahnrad ein stimabwaizg^irastes Zahnrad iat, das sich 
zykioidlsch erstreckende Zahnflankenltaclien aulWeistp wob^ das Werkzeug eine Schleiliscrieibe ist und die Funk- 
ttonen einen SchleitWeg enttang der sich zykioidlsch erslreckenden Zahnflankenfiachen beschrelben. 

IS 

19. Verfiahran zur Erzaugung von Fiankenflac^en-Modifilcationan an Zahnradzahnen durc^ gesteuertes Entfamen von 
iMaterial von einem zu bearteitenden Zahnrad (SO) mit eviem Werkzeug (42), wobei das Vsrfahren umtoat 

das Bereitstailen einer Zahnrad-Herstaflung^nasc^ne, wobei die Maschine ein zu beaHbeitendes Zahnrad, 
20 das um eine Bearbeitun^achse drehbar ist, und ein Werkzeug aufweist, das um eine Werkzeugachse drehbar 

ist, wobei das Werk^ug und das zu bearbeitende Zahnrad in Bezug aufainarider linear entlang drei zueinander 
orthogonaler Achsen (Ax, Ay, A,) und Im Winkel um eine Schwenkachse Ap bewegltoh sind, 

d^ Bereitsteilen einer fheorelischen Basismaschine, einen Schfitten umfassend und eine Vieizahl von Ma- 
25 schinenachsen aulweisend, um das Werkzeug und das zu bearbeitende Zahnrad in Bezug aufiainander zu 

posiHonleren urid zu bewegen, wobei Jede der Achsen eine Basis-IMffichineneinsteliung mit einer theoretl- 
schen Bedeutung fOr das Zahnrad aufweiat, 

das Definieren einer jeden der Vieizahl von MascMneneinsteliungen als akQve Einsleilung, wobei Jede akth/e 
30 Einstellung durch eine Funlctton dargesteiit ist, 

das I^efinieren einer envunschten Zahnflankenllachenmodifikation durch Bestimmen eines Satzes von Kd^- 
fizienten fQr Jede der alcfciven Einsteliungen, der <Se Modifikation angibt, 

3S das Beslimmen der Funktion IQr Jede aktive EInsteliung auf Basis der IO)effizienten fur jede aktive Einstellung^ 

das Transfbrmieren Jeder aktiven Elnstellungsfunkbon von der theoreliaciien Maschine auf die AchsenarKsrd- 
nung der Zahnrad-I-ierstenungsmasGhine, wodurch Bewegung aktiver Einstellungen, die auf der theoretische 
li/laschlne definiert ist, auf einer oder mehrenan der Achsen derZahnrad-Hersteliungsmaschine durchgefijhrt 
40 wirdp 

das Entfamen von Material vom zu bearb^tenden Zahnrad mit dam Werkzeug entsprechend den aktiven 
EinsteUungsfunktionen. 

45 20. V^rfahren nach Anspmch 1 9, worin das Bestimmen von i^ffizienten das Auswahien einer Vieizahi von Identifi- 
zierungspunkten auf der Ranlcenflache umfasst, wobei die Position eines jeden der Punkte durch einen Poatlons- 
wert fur jede der Maschineneinst^iungen beschrieben wird, und das Bestimmen der Koeffizienten auf Basis d r 
Posltionswerte. 

so 21. Verfahren nach Anspruch 19, worin die identifizjerungspunkteentiang eines Kontaktwegs auf der Zahnflankenfl§- 
che angaordn^ sind. 

22. Verfahren nach Anspmch 19, worin jede sotehe aktive Funktton eine Funktion zumindest zwelter Ordnung isL 
ss 23. Verfahren nach Anspmch 19, worin jede sotehe aktive Funktton eine Funktion zumindest vierter Ordnung ist 
24. Verlahnan nach Anspmch 19, worin das gesteuerte Entfernen von Material etn generierendes ^^1ah^en ist 



18 



EP0784 52SB1 



25. Vtorfehren nech Anspruch 24, das zumindest neun aktive theorefeche Basis-Maschinenoinstellungen umtosL 

28. Verfahren rwch An&pruch 25, worin die afctiven Eirtsteilungen zumindest eines aus modrfiziertem WSIzen (Ra), 
splralformlger Bewegung pCb), vertikater Bewegung (Em), modffizlert r Exzentrizltat (S), modifiziertBr Tellkegel- 
9 lang <Xp)p modlfizierter Schri^ellung (PQp modlfiziertem Schwenken (Pj)p mo<fifi23 rter Schneidkopf'^Axiaieiii- 

stellung (Xc) und modifiziertem Fu&kegelwinkel ^ umfessen. 

27. Verfahren nach Anspruch 26, worin <fie aktive Einst^Iungafunktion fDr die mocfifizierte Exzentrizltat (S), die modi- 
fizierte Schragstellurtg (Pi), die modifizierte Schneldkopf-Axialeinstenung (Xc) und das modifizierte Sctiwenken 
(Pj) foigendannaiton definlert ist 

AS = ASq * AS^ ♦Ae + -5^ + *A8^ "ST * ^® 

IS 

VAS = (ASi +AS2 *Ae ♦ -g^ ♦Ae + -g^ ♦AO'') * 

20 worin gilt 

AS = die speziefie aktive Einsteilung, 

VAS = die erste Ableitung der akthren Bnsteilung, 

ASq, ASi. ... == KbefRzienten zur Steuerung der Beziehung zwischen Werkzeug und zu bearbeitendem Zahn- 

29 rad, 

AG = FQhrung8t>ewegung, und 

Oi- = Geschwindlgkeit der FQhrungsbewegung. 

28, Verfaliren nacti Anspruch 26, worin die aktive Elnstellungsfunktk>n 1ur die spiralformige Bewegung (Xb), die ver- 

30 tikale Bewegung (Em), die modifizierte Teilkegeliange (Xp) und den modifizierten Fufikegelwinkei (S) fblgender- 
maOen definierf isfc 



AS^ASq + AS^ ♦Ae + *AB * ♦Ae^ + ♦AG 



VAS = as^ + AS2 ♦Ae ♦ ♦Ae^ + ♦Ae' 

40 

worin gilt 

AS = die spezielie aktive Bnstellung, 
VAS = die erste Ableitung der aktiven Einstellung, 
4S ASq, AS^, ... = KoeffizientenzurSteuemng der Beziehung zwischen Werkzeug und zu bearbeitendem 2ahn- 

rad, 

AG = Fuhrungst>ewegung. 

29. Verfahren nach Anspruch 26, worin die aktive Einstellungsfunktion fur das Waizverti^is (Ra) folgendarmaBen 
50 definlert Ist: 

/?a« Ria9 9 RB'* 3 a 
Ra = RBo - ^ •AG- -g^ -AG^ - ^ -AG^ - ^ *AG^) 

55 

worin gilt 

Ra = Verhaitnis der Walzeinstellung, 
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Rao, Ra^, ,..=Koeffizient8nzurSteueiungdorBeztehurig2Mfi^^ 
Zahnrad, 

AQ = Fuhrungsbewegung. 

30. Verfeihren nach Anspmch 19, worin das gesteuerte Entfemen von Material ein nichtgenerierender Vbrgang 1st. 

31. V^rlahren nach Anspruch 30, worin die akflwe Eirwtenungsfunktlon tblgendennaQan definlert tet: 



AS = ASo + AS, •Ae + *^Br + *6sr + ^*Ae 



VAS = (ASi + AS2 *Ae ♦ * -Ae^) « 



worin gilt 

AS = die spezielle aldive Einstellung, 

VAS = die erate AbieHung der aktiven Bnstellung, 

ASo, ASi, ... = Koefflzlenten zur Steuemng der B^hung zwischen Werkzeug und zu bearteltendem Zahrv 

rad, 

Ae = Fuhnmgstiewegung, und 

Q|- = Geschwindigkelt der Fuhrungsbewegung. 

32. Verfahran nach Anspmch 30, d^ zumlndest vler akUve theoretlsche Basis-Maschlnen^nstellungen umfassl. 

33. Verfahren nach Anspruch 32, worin die aktiven Einstellungen zumlndest eines aus modffizlertar RotationsposHlon 
des zu beartjeitenden Zahnrads (Wjg), spiraflormiger Bewegung p<b), modifiziertem Hypoid-ORset (Em), modifi- 
zlerter Exzentrizitat (S). mocfifiziertBr Teiikegellange pCp), modifizlerter Schragstellung (Pi), modifi ziertem Schwen- 
ton (PD, modlfizieilBrSchneidi«>pf-AxialeinstBlung CXc) und modiftaertem FuOkegelwinkel umfesst 

34. Vferfehren nach Anspruch 33, worin die aktiven Einstellungen splraHormlge Bewegung pcb). modlfizierte 
vereelzung oder vertllcale Bewegung (Em), mocfiflzierte Tellkegellange pCp) und modifizlerten FuSkegeiwIntel (Q 
umfassen. 

35. Verfahren nach Anspruch 33, worin die aktiven EinsteBungen splialformlge Bewegung pCb), mocfifizierte Exzen- 
trizitat (S), modlfizierte Teilkegelltnge pCp) und modifizlerten Fu&kegelwlntel (Q umfMsen. 

36. Verfahren nac^i Anspmch 19. worin das zu bearbeitende Zahnrad ein stimabwgizg^rastes Z^nrad ist, das sfch 
zykkrfdisch erstreckende Zahnflankenflachen aufwelst. wob« das Wericzeug eine SchleHscheibe ist und die Funk- 
tionen einen Schleifweg enOang der sich zykloidisch erslr^enden Zahnflankenflachen beschreiben. 

37. Verfahren zur Erzeugung von Flankenflachen-Modifikalionen an Zahnradzahnen durch gesteucrtes Entfemen von 
Material von einem zu beaibeitenden Zahnrad (50) mit einem Wterkzeug (42). wobel das Vsriahren umfasst: 

das Bcreltstellen einer Zahnrad-HerateBungsmascNne, wobei die Maschlne eiri zu beartoeitendes Zahnrad, 
das urn eine BeartJeitungsachse drehbar ist, und ein Werkzeug aufwelst, d^ urn eine Wericzeugachse drehbar 
ist. wrobei das Weriaeug und das zu bearbeitende Zahnrad in Bezgg aufeinander entlang und/oder urn eine 
VielzBhl von Achsen {A^ Ay. A^^ Ap. W^, Wj) bewegbar sind, 

das Bereltstellen einer theorelischen Basismaschine, einen Schfitten umlassend und eine VIelzahl von Ma- 
schinenachsen aulweisend, urn das Werkzeug und d» zu bearbeitende Zahnrad in Bezug aufeinander zu 
posltionleren und zu bewegen, wobei jede der Achsen eine Basis-Maschineneinstellung mit einer theoreti- 
schen Bedeutung fOr das Zahnrad aufweist, 

das Definieren einer jeden der Vielzahi von Maschinenelnsteiiungen als aktive Elnstellung, wobel jed aldive 
Einsteilung durch eine Funktton dargestellt ist. 
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das BerBHsteilen einer ZahnRankenfliche, die eine VtelzaM von sich in Ukng^ichtung erstrecksnden RMien- 
abschnitten umfesst* 

das Delinieren einer erwurschten Zahnflankenflachenmodlfikalion In jedem Abschnitt durch Bestimmen eines 

9 Satzes von Kbeffizienten fur jed deraktiven Elnsteaungen, der <fie i^liilcation in je^ 

dm Bestimman dar Funldion fQr Jade aktiva EinateOung auf Bads dar Ko^fizianten fQr jade alctiva Einstanung 
in Jedem Abschnitt 

10 das Transfbmiiaren Jadar akfivan Einstallungsfiinldion fur Jadan Abschnitt von dar thaoratischan Maschina auf 
dia Atihsananordnung dar Zahnrad-Harstallungsmaschiha, wodurch Bawagung aidlvar EinstaOungan, cfia auf 
dar thaoratisciia Ma»:hina dafiniert ist. auf ainer odar mahraren dar Achsan dar Zahnrad-Harstallungsma- 
schine durchgefQhrt wind, 

IS dsfs EntfOTan von Material von jadem Abschnftt das zu beart^eitendan Zahnrads mil dem Weric^g entspna- 

cliand dan aktfvan Einstaiiungsfunldionan. 

38. Verfahren nach Anspruch 37, worin das Bestimmen der KoefTizienten in Jedem Abschnitt das Ausw^len eIner 
Vletzahl von IdantHiziarungspunlcten auf dar F1anicanf!&:ha in jadam Ak^schnitt umfasst, wobai dia Position alnas 

20 jadan dar Punkta dutch ainen Posltionswart fQr Jada dar Maschinaneinsteilungan baschriaban wird. und 

das Bestimmen der Koefflzienten auf Basis dar Positfonswerto. 

39. Verfahren nach Anspruch 38p worin die Identiflzlerungspunlde entiang eines Kontaktwegs auf der Zahnflankenfla- 
che angaordn^ sind. 

29 

40. Verfahren nach Anspnjch 38, worin jeda solche aidiva Funktlon eine Funkdon zumlndest zweiter Ordnung isL 

41 . Verfahren nach Anspmch 40, worin Jede sotehe aktive Funktton eine FunkUon zumlndest vierter Ordnung ist 
30 42. VsrfiBhran nach Anspn4ch 38, worin Jeder der Abschnitte die gleiche Anzahl an Identifizlarungspunkten umfasst 

43. Verfahren nach Anspmch 38, worin nfc:ht alia Abschnitte die gienhe Anzaiil an identifizieningspunkten umfaasen. 

44. Verfahren nach Anspruch 38, worin ain Endpunkt in einem Abschnitt mit einam Anfiangspunkt in dnem benach- 

39 barlen Abschnitt zusammemfallt. 

45. Verfahren nach Anspruch 38, worin ein Endpunkt in einem Atsschnitt nicht mit einem Anfangspunkt in einem be- 
nachbarten Abschnitt zusammanfailt 

40 48. Verfahren nach Anspmch 38, worin ein Endabschnitt einer Funktion in einem Abschnitt den Anfangsat>schnitt einer 

Funktksn in einem benachbarien Abschnitt Qb^lappL 



Ravendlcaflona 

46 

1. Un proc6d6 pour rSaliser des modifications de surface du fianc de dents de roues dent^ par un netrait contndl^ 
de matiere a partir d^une roue dentde d'ouvrage (50) a Taide d\in outii (42), ledit precede comprenant ies etapes 
consistent d: 

pr6voir une machine de ntoiisation de roues dent^es, lacfite machine inciuant une roue dentte d'ouvrage 
pouvant toumer autour d'un axe d'ouvrage at un outii pouvant toumer autour d'un axe d'outli. iedit outii et iacOte 
roue dantee d'ouvrage pouvant se deplaoar I'un par rapport a Pautre ie k>ng et/autour d'una piuraiite d'axes 
(A«.Ay,A^). 

pr6volr une machine de t>a3e th6orique compr^ant un l>erceau et inciuant une plurality tfaxes machine pour 
mettre en place et d6placer relativement iedit outii et iadite roue demtSe d* uvrag I'un par rapport k rautre, 
chacun des<Sts axes reprte ntant un rdglege madiine de bas ayant une significatton thterique de roue 
dentte, 

d^nir chacun de iacfite plurality de r^lages rrachine comme 6tant un rdglage actif, chaqu r^lage actif 6tant 



so 



55 
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leprdsentid par line Ibnction, 

d«inlr une moclificaton destree do suriiBce du flenc da dents en determinant una sene de coefficients pour 
chacundesdltsriglagosadlfsindlcateursdeladltemodfficaflon. 

d6termlner ladte fonclion pourchaque r^lage actif surla base desdits coefficients pour chaque rfeglageacbf, 
Iransformer chaque fonclion de r^lage actif issue de ladite machin th^orique h la disposition des axes de 
ledtte machine de realisation de roues dentees, de rorte qu'un mouvement de regiage acBf, deflnl sur lacBte 
machine theOTqua, est mis en oeuvie sur un ou plusieurs des axes de ladite machine de realisation de roues 
d^it^es 

retlrer la matlfere de ladite roue dent6e tfouvrage k raide dudit outil, conform6menl auxdites fonctlons de 
regiage actif. 

2- Le procddd de la iwendlcaHon 1, dans lequel ladite etape consistent a determiner des coefficients comprend la 
sdlecOon rfune piuraltt^ de points dTdenUflcalton sur ladite surface du flanc, la position de chacun desdits poinis 
^ant dteiite par une valeur de position pour chacun desdrts rSglages machine, et 
determiner lesdits coefficients air la base desdtes vaieurs de position. 

3. Ijb proc6d6 de la levendlcalion 1 , dans lequel lesdits points didentificatlon sont situte le long d*un trajet de contact 
sur ladite surface du flanc de dents. 

4. Le precede de la revendication 1 . dans lequel cheque fonction acthre est une fonclion tfau molns le second oidre. 

5. Le pmc&M de la rwendlcation 4, dans lequel chaque toncHon active est une fonclion tfau moins le quatnfeme ordre. 
e. Le precede de la revendication 1 , dans lequel ledit r*ait oontrOle de mafieie est un processus generateur. 

7. Le proc6d6 de ia revendication 6, comprenait au moms neuf rdglagee aclife surfadttB machine de base tti6orique. 

8. LB prac6d6 de la revendication 7. dans lequel lesdits rfiglages aclife comprennent un roulls modlfld (Ra), un mou- 
vement h«looTdal (Xb). un mouvement vertical (Em), une e»»ntricit6 modMto (S). une gdnenatrioe de c6ne mc>- 
dlfiee (Xp). une Indinaison modlfiee (PI), un pivotement modtflfi (PD. un riglage axial de la t«e de rorgane 
coupe modiM pCc), et un angte de pled modifid (Z}. 

9. Le prooddi de la rewendicBtlon 8. dans iequd ladrta fonction de regiage actif pour ladite exoentridtS modifteo (S). 
ladite incllndson mocifiie (Pi), ledit rdglage axial de la late de roigane de coupe modifid Q(g). et le(« pivotement 
modifi6 (FD est d^i par : 

AS^AS,* AS, .AS + ^ .Ae^ * ^ -AO^ * ^ . Ae* 

VAS = (AS^ + AS2 *Ae + *Ae^ + *Aeo * 



AS = le regiage actif partlculier, 

VAS = la premiftre d6riv6e du rSglage actif, 

ASq = A&i,.- = coefficients pour contrdier la reialion entre i'outfl et ia roue dent6e d'ouvrage, 

AS = mouvemerrt d'avance, et 

QT= Vitesse de mouvement d'avanoe. 

10 l-e proc6d6 selon la revendication 8, dans iequei ladite fonction de regiage actif pour ledit mouvement h6!icoidal 
pcb), ledit mouvement vertical (Em), ladite generatrioe de cone modifiee pCp), et ledit angle de pied modiHe (T) 
est definle par : 
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wis = ASi+>i^*Ae + ^*Ae^ + ^ -Ae^ 



AS le r6glage actif particxilier, 
VAS = la premi^ dMvte du nSglage actif, 

ASq = AS^ = coefficienfs pour conbdler la letation entre ToufO et la roue dentto d^ouvrage, 
Ae - mouvemant d'avance. 

11. Le proc6d6 aelon la revendlcation 8, dans lequel ladfte fom:tion de r6glage actif pour lecfit rapport de rouHs (Ra) 
est d^nle par : 

oD: 

2$ Ra - le rapport de r^glage de roulis. 

Rag, Ra|,.~ : = coefficianis pour contr61er la relation antra ToutH et la roue derive tfouvrage. 
Ae = mouvement dTavanceL 

12. Le pnDc6d6 de la revendlcation 1, dans lequel ledit r^rait oontrOIS de mali&re est un processus non g6n6raleur. 

13. Le pnocddd de la revendlcation 12, dans lequel ladHe ffondlon de reglage actif est definie par : 

AS = ASp + AS^ •AG + -j= •Ae^ + -AS^ + ^ •AS* 
VAS = (AS^ + ASg 'Ae + ^ *Ae^ + ^ *A0^ * a-r 



oQ: 

AS - le rdglage acHf paiUculier, 

VAS = prenti&re d6rfv6e de rSglage actif, 

ASq, AS^ = coefficients pouroontrfiler la relation entre I'outil et ia roue dent6e d'ouvrage, 

AS = mouvement d'avance 

£2-p= Vitesse de mouvement d'avance. 

14. Le proc6d6 de la revendlcation 12 comprenant au molns quatre r^lages madilne de bwa thtoriques actifs. 

15. Le precede de la revendlcation 14, dans lequel lesdits regiages actifs comprennent au moins Tun parmi une position 
de rotation de roue dentee d'ouvrage modifiee CWg), un mouvement tieiiooTdai pcb), un decalage hypoTde modifie 
(Em), une eaffientrlcit6 modifide (S), une gSn^ratrice de cdne modlfife pCp), une incllr»ison modlflfe (PI), un pi- 
votement modifiS (PJ), un rdglage axial de la t6te de Torgane de coupe modifid pcc), et un angle de pled modifi6 (£). 

16. Le proo^de de la revendlcation 15, dans lequel lesdits regiages actifs comprennent un mouvement li^lcoTdal (Xb). 
un mouvement vertical ou de decalage hyp Tde modifid (Em), une g^dratrlce de cdne modHide pCp), et un angle 
de pled modifid OS). 
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17. Le pimddd de la revenclication 15, dans lequel lesdits reglages adife comprennent un mouvament h^lcoTdal (Xb), 
un excentridtd modffiee (S), una genaratrlca da c6na modifiaa (Xp). at un angla da piad modifie P3- 

18. Le proc6d6 de la reveodication 1, dans lequel lacfite roue dentfe tfouvrage est une roue dentee k face laillte, 
s prfeentarrtdes surfaces desflancsd dents s'6tendartdernaniferecyd6rdale,lec«ouhI est urie roue derneulag^ 

et lesditas foncttons decrivent un trajet de meuiaga la long desdtea surfeoes das liancs da dents s'dtandant de 

manidre cydoTdale. 

19. Un proc6d6 pour r^aOser des modificationa de surface du flanc de dents de roues doitfes par un retrait contrtld 
10 de matiera d^ne roue dentea d^ouvrage (50) a Paida rfun outn (42), ledit procede comprenant les etapes oonsisfant 

ii: 

pr^tr une machine de realisation de roues dentfes, ladite machine prfisentant une roue dentte d-ouvrage 
pouvant toumer autour d^in axe d'ouvrage et un outil pouvant toumer autour d\in axe d'outlip ledit outil et ladHe 
roue dentto d'ouvrage pouvant se deplacer llneairement Pun par rapport a Peutre le long da trols axes mu- 
luellement orlhogonaux (Ajp Ay , A^) at angulalrement autour d'un axe de pivotonent (A^^, 
pr^voir une machine de base thterique comprenant un tierceau et induant une plurality d'axes machine pour 
mettre en place et d6plaoer reladvement ledit outil et ladite roue dentte d'ouvrage i-Un par rapport k rautrSp 
ch»ajn desdlts axes reprteentant un r^lage machine de tsase ayant une signification thtorfque de roue 
dent§e, 

ddfinir chacun de ladite plunalitd de reglages machine comma eiant un regiage actif, cheque rdglage actif dtant 
reprfisem^ par une foncQon^ 

ddflnir une modmcaflon desirfie de surface du flanc de dents en d^erminant une sdrfe de coefficients pour 
chacun descfits reglages actife Indicateurs de ladite modffication. 

determiner la<fite fondion pour chaque regiage wtif sur la base desdits oo^ienls pour cheque regiage actif. 
translbrmer chaque fbnction de rSglage acBf issue de ladite machine th^orlque k la dteposltton des axes de 
ladtte machine de r^lisation de roues denttes, de sorte qu^un mouvement de regiage actifp ddfini sur iadlte 
rnachine thdorique, est mis en oeuvre sur un ou plusleurs dea axes de iadlto rnacWne de 

^r^^ rnatiere de ladite roue dentte d'ouvrage k VMe dudit outil sur ladite machine de r^afisatlon de roues 
dent6es, conformdment auxdites IbncQons de r6gi^ actif. 

20. Le prooddd <te la revendication 19. dans lequei lacSte etapa oonsistant a detemiiner des coefficients comprend la 
seiection d'une pluralite de pointe dldentification sur ladite surface du flanc. la position de chacun desdHs points 
6tant d^cfite par une valeur de position pour chacun desdits reglages mac:hine, ^ 

d^enniner lesdits coefficients sur la base desdites valeurs de position. 

21 . Le procede da la revenAstion 1 9, dans lequei tesdrts points dldentification sent situes le long d'un trpjet de contact 
sur ladite surteoe du flanc de dente. 

40 

22. IjO proc6d6 de la revendication 19, dans lequei chaque fbnction active est une ffoncfion d-au moins ie second ordre. 

23. Le proc6dd de la revendication 19. dans le<pjel chaque fbnction active est une fbnction d'au moins le quatrteme 
ordre. 

24. Le proc6d6 de ia revendication 19, dans lequei ledit retrait contrftl6 de matifere est un processus g^rateun 

25. Le proc6dd de la revendication 24, comprenant au mo\m neuf r^lages machine de base Iheorlques acGfs. 

so 26. Le proc6d6 de la revendication 25, dans lequei lesdits rfiglages adifs comprennent au moins un parmi un roulls 
modllii (Ra), un mouvement helicoida! pCb), un mouvement vertical (Em), une excentiidte modifiee (S). une ge- 
neratrice de oone modifiee (Xp), une incGnaison modifiee (Pi), un pivotement modifie (Pj), un regiage axial de la 
tdte de rorgane de coupe modili6 (Xc), el un angle de ^ed modifi6 (JE ). 

55 27. le proc^ de la rmndteation 26, dans lequei ladite foncflon de r^lage acdf pour ladite exoentricit6 (S), ladite 
indinaison modifiee (Pi*) ledit regiage axtal de la tite de rorgane de coupe modifie (Xc). ^ ledit pivotement modifie 
(Pj) st deiinie par : 
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AS = ASq + AS-, •AG + -g^ "AB^ + •AGT + -g^ -AB* 



VAS = (AS-, + ASg •Ae + ^ -Ae^ + ^ *Ae^)» Dt- 



oD: 



fo 



AS - le rfiglage adiff parliculier, 

VAS premi&re cl6rivte du r6glage acOf, 

ASq, AS^. s= coefficients pour conMler la reiatiGn enfre Poutil at la roue dantae d'ouvraga. 

A0 = mouvement d'avance, at 
15 OT = Vitesse de mouvement d'avance. 

28. Le procM6 de la revencication 26, dans lequel ladite IbncSon de r6glage actif pour ledit mouvement h61icbidal 
pcb), ledit mouvement vertical (Em). Ia<fite generatrice da cdne modifiee pCp). at ledit angle de pled modlfid (2} 
est d^nie par : 



2D 
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AS = ASp + AS-, •AG + -jS •Ae^ + •AS^ + ^ 'AO 

AS3 2 >^4 3 

VAS = AS-, + AS2 •Ae + • Ae^ ♦ -gi -Ae^ 



oD: 



AS = le regiage actif particuli^, 
VAS = premi&ie d6rivfe du F^iage actif, 

ASq, AS| _ = coefTicienls pour oontrMer la relation entre Touts el la roue dentfe tfouvrage^ 
AG s mouvement d^avanca. 

29. Le proc^d^ de la revencflcation 26, dans lequel ladite Ibnction de rgglage actif pour lecfit rapport de roulls (Ra) est 
ddfini par : 

<0 Rg^ Rb^ *(1 - *Ae - -g^ •AG^ - 2^ ♦AG^ - •AG*) 

ou: 

46 Ra = le rapport de r^lage de roulls, 

Rao, Ra-i _ = coefficients pour contr61er la relaHon entre routll et la roue dentfe d'ouvrage, 
AG = mouvement d'avance. 

30. LjO proo6d6 de la revendlcatlon 19, dans lequel ledit retrait contr516 de matl&re est un prooessua non g6n^ateur. 

so 

31 . Le procede de la revendlcatlon 30, dans lequel ladite fonction de riglage actif est dMnle par : 



55 



ASo 2 ^Sq s ASa^ A 
AS = ASo + ASi *AG + -5^ *AS^ + ♦AG^ + ♦AG* 
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VAS = (ASi + ASg 'A + — 5 »A ^ + -g^ "Ae^ * d,^ 

0 ou: 

AS = le rSglage actif paiiiciJlierp 

VAS - premi&ne d6rfvte de i^lage acdf, 

ASq, AS|, ... = coefndents pour contrdier la reiafion entre roufll et la roue dentte (f ouvrage, 
10 AQsmouvementcfavance, 

QT s vKesse de mouvemeni d'avonce. 

32. Le proc6d§ de ia revendication 30, comprenant au moins quatre rSglages machine de base Ihteriques actifs. 

IS 33. Le prooede de ia revendication 32, dans lequel lesdits reglages actHa comprOTnent une position de rotation de 
roue dentte tfouvrage modiflfe (VVig)> un rnouvement h6lloDTdal pCb), un dtealage tiypoTde mocOM (Em), une 
8ecentricit6 mocfillte (S), une g6n6fatr1ce de cdne modHRfe pCp), une indinaison modifite (fH), un phretement 
modify (PQp un r^giage axial de t§te, de I'organe (te coupe modlfi6 CXc), et un angle de pled modifi^ (£}. 

20 34. Le proodde de la revendication 33, dans lequel lesdits reglages actife ramprennant un rnouvement helicoTdal pCb), 
un rnouvement verticai ou de dtealage hypoTde modifi6 (Em), une g6n6ratrfce de cdne modlllte (Xp), et un angle 
de pled modIM (Z}. 

35. Le prooede de la revendication 33, dans lequel lesdits reglages actifii comprennent un rnouvement helicoTdal (Xb), 
35 une e9a:entricit6 modiflte (S), une g6n6ratrice de c6ne modifite (Xp), un angle de pled modlfid {£}. 

3& Le procMS de la revendication 19, dans lequel tacfite roue dentte d'ouvrage est une roue dentte k face talll^e, 
pnfeentant des surfaces des flancs de dents s'dtendant de manidra cydoTdaie, ledit outll est une roue de meuiage, 
et le5<Stes tbnctions ddcrivent un tral^ de meuiage le long desdites surfaces des flancs de dents s'dtandant de 
30 manidre cydoTctele. 

37. Un procede pour reviser des modifications de surface du flanc de dents de roues dentees par un retrait oontrole 
de matidred partlrd^jne roue dentte d'ouvrage (5D) a Paide d\in outil (42), ledit prooede comprenant les etapes 
consiatantd i 

35 

prteoir une machine de r6aJlsation de roues denttes, lacfite machine prteentant une roue dentte d'ouvrage 
pouvant toumer autoia- d'un axe d'ouvrage et un outil pouvant ioumer autour d'un axe d'outil, ledit outil et ladite 
roue dentte d'ouvrage pouvant se deplacer I'un par rapport a Pautre, le long etfou autour d'une pluralite d'axes 
tA^Ay,A^,Ap,WG,WT), 

40 pr^fvoir une machine de base thterique compr^iant un berceau et induant une plurality d'axes machine pour 

metire en place et deplacer relafivement ledit oulil et ladite roue dentte d'ouvrage i'un par rapport a Pautre, 
chacun desdits axes representant un regiage machine de base ayant une signification tfiterique de roue 
dentte, 

d^nfr chacun de ladite plurality de r^lages machine comme Slant un rS^age actif, chaque r6glage acfif 6tant 
45 repr6sent6 par une Ibnction, 

prevoir une sufffiBce de flanc de dents comprenant une pluralite de sections de surfeoe s^tencfant longitudl- 
nalement, 

d^nlr une modification dteirte de la surface du flanc de dents dans chaque section en ddtermlnant une s6rle 
de coefficients pour chacun desdits rSgtages actifs Indlcateurs de ladfte modification dans chaque section, 
so determiner lacfite fonctlon pour chaque regiage actif sur la base desdits coefficients pour chaque regiage actif 

dans chaque section, 

transformer chaque fonction de regiage actif pour cheque section issue de ladite machine theorique a la dis- 
position des axes de ladite machine de rtelisadon de roues denttes, de sorte qiTun mouvement de r§glage 
actif, ddfinl sur ladite machine thterique, est mis en oeuvre sur un ou plusleurs des axes de taifite machine 
59 de rtelisation de roues dentees, 

neiireria matiere de chaque section de ladrte roue dentte d'ouvrage a I'aidedudit outil, conformteientBUxdltes 
fbnctions de rSglage actif. 



26 



EP07B4S25B1 

38. Le prooede de b rsvendication 37, dans lequel ladtte etape consistant d deferminer des coefficients dans chaque 
secficn compiwd la selection d'une pfuralitd de points didentiffcation sur ladiie surface du flanc de chaque section, 
la position de chacun desdhts points etant decrfte par une valeur de position pour chacun des^fits riglages machine, 
et 

determiner lesdits Goeffidents sur la Isase descfites valeurs de position. 

39. le procade de la reven<fication 38, dans f^uel lesdHs points d'identification sont situte le long d'un trajet de contact 
sur lescfites surface du flanc de dents. 

40. Le prooede de la revendication 38, dans lequel chaque fbnction active est une fonction d'au moins le second oidiB. 

41. Le proo6dd de la navandlcation 40, dans lequel chaque fbnction active est une fonction d'au moins le quatridme 

ordre. 

42. le prooede de ta revendication 38, dans lequel chaque section comprsnd le memo nomtra de pobits d'identification. 

43. l^proc6d6de la revendication 38^ dans lequel toutesles sections necompre^ 
d'identification. 

44. Le prooede de la raven<fication 38, dans lequel un point d'axtramiti d'une section oofncide avec un point de dibut 
d*une section adjaoente. 

45. lje proc6d6 de la revencfication 38, dans lequel un point tfextrSmitS d\ine section ne coTncide pas avec un point 
de detHit d\ine section adjacente. 

48. Le prDoM6 de la revendication 38, dans lequel une portion d'extr6mlt6 tfune foncHon dans une section recouvre 
partieiiement la section de ddlMJt d'une Ibnctlon dans une section adjacente. 
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FIG 5 
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FIG. 6 
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FIG. 7 




FIG. 8 
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FIG. 9 
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